Since the same objective and eye-piece were always used, the measurements on a large number of cells are comparable. The light source was a 40 watt Mazda bulb placed at a fixed distance from the microscope. This insured a constant illumination and a constant light intensity through the condenser. For lower temperatures the cells were immersed in mixtures of ice and water, the proportions of which were so regulated that by frequent stirring a constant temperature might be obtained. The higher temperatures were maintained by keeping the room at approximately the desired point and then using mixtures of warm and cool water. The error of this method was no greater than 0.1 °, and since no intervals of less than 5 ° were investigated (usually the intervals were at least 10 °) this error is without significance. In fact the individual variability of the cells is much greater than any error of the method.
The results may be expressed as microns per second. But since most of the data are of a comparative nature there is no need of introducing absolute units. All rates may be expressed as per cent of the normal rate, the latter being taken arbitrarily as the rate at any given temperature. 1 It may be noted in passing that the sensitivity of Nitella to mechanical disturbance, mentioned above, is very great. A small jar or blow, such as striking against any hard object, or a bending of the cell, will stop the streaming completdy. Special care must therefore be exercised in handling the ceils, particularly in transferring them from one dish to another. In these experiments the following precaution was always taken. Before a cell was immersed in water at a new temperature, it was transferred to a second container with water at the previous temperature. If this operation had no effect on the streaming, the cell was then placed at the new temperature. Furthermore a special series of control experiments showed that with due care cells could be moved back and forth from one petri dish to another indefinitely without affecting the rate of streaming.
III.
If Nitella cells are carried from 20°C. to 35°C., there is no cessation of the streaming. There is of course a change of rate, from that characteristic of 20 ° to that of 35 ° . This change is very nearly instantaneous. Usually 20 to 30 seconds elapse before the first record can be made, representing time unavoidably lost in manipulating the cell, getting it under the microscope, and focussing. During this half minute or less the new rate has become established. Probably the actual time consumed in bringing the streaming to the new speed is a matter of a few seconds. A similar situation obtains if a cell is allowed to remain at 1 ° for 30 minutes or more and is then brought to 20 ° .
The result may be very different when the temperature is lowered abruptly. If the drop is from 35 ° to 20 ° the flow continues without interruption but at a slower rate, viz., that rate characteristic of 20 °.
The effect of such a fall in temperature is similar to that of a rise, since it causes an immediate change in rate; immediate in the sense that the rate becomes constant within 20 seconds. In fact a cell may be altemated between 35 ° and20 °indefinitely with no change except in the rate of streaming. Suppose, however, that we place the cell in water at 10 ° instead of 20 °. In this case the streaming stops completely and does not begin again for at least 2 minutes. This instantaneous and complete cessation is a very different phenomenon from the mere change of speed observed between 35 ° and 20 ° . The difference is also exemplified in the following experiment. If a cell is taken from water at 35 °, rapidly dipped into water at 10 ° and replaced at 35 ° the streaming likewise is seen to have completely stopped. The exposure to the temperature of 10 ° may not last longer than half a second. Yet the effect is observed. The stimulus, then, is clearly the sudden transition from the high to the low temperature and not a prolonged exposure at the low temperature.
Another series of experiments extends the above results and demonstrates that the fall in temperature must exceed a certain definite number of degrees in order to produce the effect. In this case the initial temperature was 20 ° . The cells were dipped for approximately half a second in water at several lower temperatures and were returned to 20 ° for observation. The fall from 20 ° to 15 ° does not stop the streaming, nor does that from 20 ° to 10 °. But passing from 20 ° to 1 ° the streaming ceased in all cells observed. The transition, or critical point, for an initial temperature of 20 ° then lies between 1 ° and 10 °. In an attempt to locate this critical point more exactly, two facts became evident.
1. There is a decided variability among the cells with respect to the temperature at which they stop streaming. This is shown in Table I and Fig. 1 . With an initial temperature of 20 ° a number of cells were exposed for less than a second to temperatures varying from 3 ° to 7 ° . It was found that in all cells the streaming stopped at 3 ° , but at the other temperatures (4 ° , 5 ° , 7 ° ) only part of the cells were so affected. Plotting per cent not affected against temperature we obtain Fig. 1 . From these data it may be concluded that for a large number of Nitella cells there is a general range of temperature which causes a cessation of streaming. FIn. 1. This figure shows the relative number of cells in which the streaming is inhibited when the initial temperature is 20oC. The ordinates are per cent of the total number in which there is no inhibition. The abscissae indicate the low temperature to which the cells were exposed.
2. Nevertheless there exists for every single cell some quite definite critical temperature. In all the cases examined there was no single instance where a partial cessation occurred. The streaming either continued in a normal manner or was inhibited completely.
The data presented thus far permit one more conclusion to be drawn. The inhibition of streaming does not occur at one particular point on the temperature scale regardless of the original temperature, but is rather a function of the temperature gradient. It may be pointed out again that, regardless of the variability of individual cells, a drop from 35 ° to 10 ° causes 100 per cent inhibition whereas a drop from 20 ° to 10 ° causes no inhibition whatever. Were there any physical or chemical state inherent in the condition of the cell adjusted to 10 ° which caused an inhibition of streaming, then that state would have to exist regardless of the previous temperature. But since the effect of exposure to 10 ° is 100 per cent different depending on the previous temperature we are forced to the conclusion that it is the sudden fall of temperature through at least a minimum number of degrees which gives rise to the observed effects. The temperature range with which it is possible to work is too limited to permit an exact quantitative determination of this minimum distance for all initial temperatures, but it may be stated that probably a fall of 15 ° to 20 ° is sufficient to stop streaming.
Certain theoretical considerations are pertinent at this juncture. The immediate increase in the rate of streaming with sudden rise in temperature, and, within the prescribed limits, the corresponding decrease with fall of temperature, point to the acceleration and retardation of a chemical reaction system. Since the streaming in these cells is considered to be governed by their metabolism it is entirely reasonable that these particular effects of temperature should be obtained. It is what might be expected of a chemical system. But the discontinuity introduced by the sudden cessation of streaming below the critical temperature cannot be explained ion such a basis. It is very unlikely that a chemical reaction can be brought to a complete stop by a fall of 20 °. This view is substantiated by the fact that there is no intergradation between moderate retardation and complete inhibition. We must therefore fall back on the supposition that the inhibition is a phenomenon which has no connection with the metabolism of the cell
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and which is connected with the physical properties of the protoplasmic system.
Iv.
If cells are 'transferred from 20 ° to 1 ° and allowed to remain at 1 ° for varying periods before being returned to 20 ° there is a distinct influence of the exposure time on the recovery of the normal rate. This is illustrated in Figs. 2 to 5. Each figure represents data from several cells. The individual variability causes considerable dispersion of the points, but if enough cells are studied it is found that the dispersion falls within definite limits, forming a band of points instead of a single curve. For practical purposes, however, a curve m a y be drawn along the midline of the band which will represent an average of all the points. It is evident from an inspection of these figures that after a short exposure (0.5 second in Fig. 2 ) to the low temperature there is at first a latent period during which there is no perceptible motion. After 1 to 2 minutes the streaming begins slowly, increases its rate rapidly, and soon returns to the normal. After a 5 minute exposure approximately the same course of recovery is observed, with the exception that the latent period is shorter, but after a 10 minute exposure the return to the normal is very rapid, with no latent period. If the exposure is of 20 minutes duration the resumption of the normal rate is immediate, and resembles the behavior of the cell when it is carried from 20 ° to 35 ° . In other words the longer the exposure to the low temperature the more rapid the recovery when the cell is replaced at the higher temperature.
These results may be explained as follows. The same course of recovery is followed at all temperatures; the rate varies with the temperature. There is at first a latent period prior to actual recovery. This lasts about a minute when the cell is at 20 ° and probably about 5 minutes at 1% Evidence for this is the fact that the initial absence of motion at 20 ° continues much longer when the cell has been exposed to 1 ° for 0.5 second (Fig. 2) than it does when the exposure period is 5 minutes. In fact, judging by the curve in the latter case (Fig. 3) there can be scarcely any latent period at all. Thus the latent period has practically come to an end when the cell is replaced at 20 ° . On the other hand the remaining portions of the two curves are nearly identical, and nearly the same time is consumed for the streaming to return to the normal rate. If the cell is removed from 1 ° at the end of 10 minutes the actual, rapid, recovery is in progress. This is demonstrated quite clearly by the fact that (Fig. 5) after 20 minutes the resumption of the normal rate for 20 ° is immediate. Therefore we may say that after the streaming has been brought to a complete standstill by the sudden exposure to a temperature of 1 ° the recovery starts after a latent period, and follows an S-shaped course until it is complete. If the cell remains at 1 ° this sequence of events is carried out relatively slow]y. If the cell at any time during the process is replaced at 20 ° the recovery proceeds at a more rapid rate than that prior to the moment of replacement. Hence recovery at 20 ° is apparently quicker the longer the exposure to the low temperature.
V.
The statement war made previously that the inhibition of streaming at low temperatures might have a physical explanation. The data on recovery afford two more lines of evidence concerning this point.
1. Even though, at 1 °, recovery is proceeding, a very careful examination for over 30 minutes failed to detect any perceptible motion in the protoplasm. Recovery of the power to stream can thus take place while there is no actual streaming in progress. Therefore the two factors, the actual streaming, and the capacity for streaming, must be entirely separate and distinct.
2. We may determine roughly the temperature coefficient of the recovery process, using a Q10 value. Fig. 6 shows the recovery from 0.5 second exposure to 1 ° when the preceding temperature was 35 °. The recovery is much more rapid than at 20 ° and its duration may be taken at approximately 5 minutes. From Fig. 2 the duration of recovery with 20 ° is about 8 minutes. That with 1 ° may be considered 20 minutes, because it is at the end of this time that immediate resumption of streaming in 20 ° takes place. If we take the reciprocals of these times as representing the relative velocities and plot them against temperature we get Fig. 7 . Using the Van't Hoff formula Q1, = K2 ~-rl we find a Q~0 value of 1.51 between 1 ° and 20 ° and 1.45 between 20 ° and 35 ° . This coefficient is of the order usually expected of physical phenomena, and to this extent corroborates the idea already advanced that the inhibition and recovery of streaming, as occasioned by a sudden fall of temperature, have a physical basis inherent in the structure of protoplasm.
SUMMARY.
A sudden fall of temperature of 15 ° to 20 ° causes a complete cessation of the protoplasmic streaming in Nitella. The recovery of the normal rate follows a definite course and the time of recovery is dependent on the temperature. Evidence is adduced to show that the inhibition of streaming is due to a physical phenomenon.
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